The onset of convection in an inclined porous layer which is heated internally by 1 a uniform distribution of heat sources is considered. We investigate the combined effects of 2 inclination, anisotropy and internal heat generation on the linear instability of the basic parallel flow.
Introduction

11
The onset of convection in porous layers forms one of the classical problems of stability theory 12 and the most well-known of these is the the Darcy-Bénard (or Horton-Rogers-Lapwood) problem
13
[1,2]. In its simplest form a horizontal porous layer for which Darcy's law applies has a lower 14 boundary which is impermeable and uniformly hot while the impermeable upper boundary is 15 uniformly cold. It is well-known that the critical Darcy-Rayleigh number for the onset of convection 16 is 4π 2 when the layer is unbounded horizontally. The corresponding wavenumber is π. A second 17 well-known problem of the same type comprises a porous layer with uniformly cold boundaries 18 but which is heated via a uniform internal heat generation mechanism. Practical examples of 19 such systems include heat removal from fuel debris in nuclear reactors, the underground disposal 20 of radioactive waste materials, agricultural applications involving the storage of foodstuff, and 21 exothermic chemical reactions in packed-bed reactors. It is this configuration which we study here 22 and we shall determine the combined effects of layer inclination and anisotropy on the onset of 23 convection,
24
The first experimental and theoretical studies on the topic of an internally-heated layer were 
Governing Equations and the Basic State
79
We consider the onset of convection in an inclined porous layer of infinite lateral extent which which the layer has been rotated, the y-axis is perpendicular to the bounding plates, and the x-axis 84 lies in the lower surface pointing up the plane. The detailed configuration is shown in Figure 1 .
85
Moreover, the anisotropic porous layer is taken to be transversely isotropic in the permeability but
86
homogenously isotropic in the thermal diffusivity. The saturating fluid is assumed to be such that
87
Darcy's law holds and the Oberbeck-Boussinesq approximation is valid. The governing equations 88 are then,
where q is the rate of heat generated within the porous medium per unit volume, β is the coefficient 90 of cubical expansion, k m is the thermal conductivity of the porous medium, and p is the pressure,
91
which includes the hydro-static pressure. Terms in equations (1) to (5) have their usual meaning in 92 the porous medium context, but we mentioned that K L is the permeability in the x-direction, K T is the permeability in both the y-and z-directions, that σ is the heat capacity ratio, and κ is the thermal diffusivity. A zero subscript denotes reference quantities. Further details are in the Abbreviations at 95 the end of the paper. The variables are made dimensionless by setting
so that the governing equations reduce to,
The dimensionless parameters which appear in these equations are the Darcy-Rayleigh number, Ra,
98
and the anisotropy parameter, ξ, which are given respectively by,
In this paper we shall use two different formulations of the governing equations for the 100 numerical work. In the first instance two-dimensional cases will be considered using the 101 streamfunction/temperature approach whereas for three-dimensional flows a pressure/temperature 102 approach will be used. In the former case the streamfunction is defined using 
In the latter case (u, v, w) may be eliminated from Eqs. (8) to (10) and we obtain the following 105 governing equations for the unsteady flow: 
For these two formulations we may write the boundary conditions in the form, 
There exists a unique steady basic flow,
where the net mass flux through a cross section x = constant is zero. This steady flow with nonlinear 109 velocity and temperature profiles is given by,
where p 0 is the pressure at (x, y, z) = (0, 0, 0). 
where ψ 1 and θ 1 are asymptotically small perturbations in the streamfunction and temperature,
116
respectively. The substitution of the expressions (20) into the governing equations (13) and (14) 117 followed by linearisation yields the following set of perturbation equations,
which are to be solved subject to homogeneous Dirichlet conditions. The disturbances may be 119 reduced to ordinary differential form by factoring out a monochromatic horizontal component: we
Hence the disturbance equations reduce to,
and the boundary conditions are that,
This system may be regarded as an eigenvalue problem for the complex growth rate, λ, as a function 123 of k, ξ, Ra and α. Alternatively, if we let λ = λ r + iλ i and set λ r = 0 to model marginal stability, then 124 this system may instead be regarded as an eigenvalue problem for both the Darcy-Rayleigh number,
125
Ra, and for λ i as functions of k, ξ and α.
126
We may now define the phase velocity of the disturbances by modifying the exponential in 
and therefore the basic state corresponds to descending flow near the boundaries and ascending flow 177 in the centre. the upper boundary where the basic flow is negative.
189
When other values of ξ are considered then figures like those shown in Figure 6 are obtained.
190
The main change in the appearance of the analogous isotherm contours is the period of the cellular 
Linear stability analysis for three-dimensional disturbances
Reduction to ODE eigenvalue form
194
The linear stability characteristics of the basic steady state to generally oblique roll disturbances 195 may be investigated by setting,
where p 1 and θ 1 are asymptotically small perturbations in the pressure and temperature, respectively.
197
The substitution of the expressions (29) into the governing equations (15) 
where φ is the orientation of the roll relative to the x-axis, and where k and λ are once more the The isotherms are at 20 equally-spaced intervals in each case.
The boundary conditions are,
Numerical results
206
Equations (33) and (34) Rayleigh number with respect to the wavenumber. Finally the full system was discretised using 213 second order accurate central differences and solved using the modified Keller box method which is Finally, it is of interest to determine an overall summary of the properties of the present layer in 260 terms of the identity of the convection pattern which is to be expected in practice. This is given in Therefore the transition range between these extreme orientations is roughly (ξ − 1) 3/2 as ξ → 1.
267
On the other hand, when ξ takes values which are larger than those shown in Figure 11 then the 268 inclinations at which transitions happen continue to decrease. Some more extreme examples are 269 given in Table 1 . These values were obtained by insisting that ∂ 2 Ra c /∂φ 2 = 0, and from this data it is 270 possible to shown (using some error analysis and Richardson extrapolation) that the transition zone 271 (i.e. the range of values of α for which oblique rolls are preferred) occupies the range,
when ξ ≫ 1.
273 Table 1 . Transitional values of α when ξ is large; see Figure 11 . increases, but the identity of the favoured roll orientation changes from transverse to longitudinal.
290
The transition between these extreme orientations takes place smoothly but rather rapidly as the 
